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ABSTRACT
A linewidth measurement system has been developed
which incorporates a coherent laser microspot with a
piezo flexure-pivot translational stage. A line is scanned
beneath the microspot and reflected energy collected with
an on axis geometry normal to the wafer. Position versus
reflectance data are presented for lines patterned in
thick and thin oxide films on I.e. wafers.
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INTRODUCTION
"Linewidths and other critical dimensions must be known
and accurately controlled to enable integrated circuit (IC)
performance to be predicted from desigg specifications, to
facilitate transfer of accurate photomask dimensions between
manufacturing and using organizations, and to monitor litho
graphic and patterning processes. Traditional methods for
making linewidth measurements on photomasks and wafers have
mot been able to achieve the accuracy or precision required
for VLSI geometries. However, the required tolerances of
10 percent or less on 1 to 2 micron line geometries can be
met with optical linewidth measurement techniques by using
more careful adjustment, calibration and control methods and
by increasing the degree of automation." (1)
During the past several years different types of optical
measuring microscopes have been the workhorse of the indus
try for process linewidth measurement. They are all based
on optical imaging methods which employ some type of measure
ing attachment. These attachments can be grouped into three
categories: (1) filar, (2) image-shearing, and (3) image
scanning. Within each category, the optical system also has
a video (TV) analog. (2)
The filar attachment i's one of the older techniques and
has seen a great deal ofJ~use. Typically, two crosshairs with
in the eyepiece attachment are imaged in the same plane as
the geometry on the sample. Both crosshairs are superim
posed upon another and are aligned to an edge of the line or
space.
One of the crosshairs is then moved manually, with the aid
of a calibrated micrometer, across the geometry to the other
edge. The displacement from the micrometer is then compared
to a calibration chart where the linewidth is obtained with
a reproducibility of .28 microns. (3) The video version
consists of a video micrometer in which a crosshair is gen
erated on the video monitor and positioned electronically.
Image shearing was developed more recently and is prob
ably the most common pcocess linewidth measurement tool.
The image of the line is viewed, normally through an image
shearing attachment mounted on the microscope. The image
is split into two (sheared) by rotating a knob on the shear
ing attachment. The two resulting images are usually red.
and green in color. The images are then brought together
until the edges just touch. From this starting position
the images are brought back together (single shear) or the
shearing is continued in the same direction until the edges
just touch on the opposite side (double shear). (4) A
micrometer reading is converted to linewidth or an elec
tronic readout is read directly, reproducible to .10 microns.
It is apparent that the heavy dependance of these sys
tems upon a human operator introduces a fair amount of vari
ability. This explains the trend towards more automation of
the measuring process as geometries shrink. The first major
step was the advent of an image scanning system which scans
the image of the line with a slit and photodetector . One
popular version of this is the Nanoline Critical Dimension
Computer by Nanometrics. The operator simply locates the
line, focuses and lets the microprocessor take oyer. A
lead screw moves the slit precisely across the image and a
photomultiplier tube samples the intensity profile which is
read into memory. (5)
The recall of previous data is a helpful aid in seeing how
the process is trending in terms of linewidth. Three sigma
limits for this have been estimated at .09 microns.
Nikon of Japan recently produced a new type of linewidth
measurement system which utilizes a laser microspot in
conjunction with two off axis detectors. A .75 NA objective
is used to form the microspot on the wafer. When the stage
is moved underneath the objective, the first edge encountered
by the microspot will specularly scatter it towards one
detector and as the second edge moves in, the other detector
will receive scattered light from that second edge. A
vibrating mirror is used to introduce an oscillation of the
microspot in order to minimize the effects of any edge
irregularities and noise. (6) A .02 micron three sigma
limit has been seen for this system.
There are a few linewidth measurement systems that are
in the developmental stage. A .systemproduced at Oxford uses
a Type 2 image scanning microscope as explained by Sheppard (7)
in an effort to achieve higher resolution. The sample is
mounted on a stage which vibrates in the X and Y directions.
Due to this ability to vibrate the microspot, the sample
can be scanned in a TV style raster. This raster scanning
can then be used to build a two dimensional TV image of the
line. (8)
Non-imaging techniques utilize the coherent fourier
spectrum of the line object to determine the linewidth.
One technique examines the diffraction pattern of the line
and measures the linewidth between two minima. (9) Another
method employs a spatial filter which modifies the coherent
image so that dark bands appear along the line edges.
The linewidth is then defined by measuring the distance be
tween the dark bands. (10)
A great deal of research concerning linewidth measure
ments has been published by the National Bureau of Standards
(NBS) in Washington, D.C.. One of their interests involves
creating a primary measurement system which can be used in
generating linewidth standards. The standards are produced
on IC photomask-like substrates as well as silicon wafers. (11)
A laser image-scann ing microscope system was developed
for calibration of the wafers. The scanning motion is
provided by a piezo flexure-pivot translational stage.
The image of the line is scanned across a narrow slit whose
effective width is less than the impulse response of the
imaging optics. A 1.2 watt Krypton laser is used incident
on a rotating ground glass, which helps to eliminate the
spatial coherence of the beam. The desired amount of coher
ence is then reconstructed by the illuminating optics which
is related to the ratio of the condenser to objective numer
ical apertures. A .85 numerical aperture objective is used
to illuminate an area with a radius of 30 to 50 microns on
the wafer. The reflected image is then focused onto the
slit and the amount of power incident is approximately
one nanowatt. ( Fig. 1 )
A laser interferometer is used to monitor the position
of the translational stage so that a displacement can be
related to the scanned image. The system is able to accur
ately measure linewidths as small as
.5 microns with a
sensitivity of .01 microns. (12)
10
NBS
OPTICAL
SCANNING
MICROSCOPE
ground
glass
Kr
laser
n.aw
scanning slit
beam splitter
.85 NA abjective
wafer
Figure 1 National Bureau of Standards Optical. Image 'Scanning
microscope. Taken from ref. 12. .-.,.. >..,.,.; .
5.S mW
He Ne laser
6.7 /j pinhole,
beam expander
polarized
beam splitter
wafer
PROJECT
MICROSPOT
SCANNING
SYSTEM
5
1#::!=
.85 NA objective
*
Figure 2. Optical layout of thesis microspot- scanning system.
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In a 1977 paper Sheppard described Type 1 and Type 2
scanning microscopes. (13) Theoretically he states that
all scanning systems of the Type 1 category will give
equivalent responses to the same object. The NBS optical
image-scanning microscope is a Type 1 system which uses a
broad source and focuses an image onto a detector. Another
Type 1 system which uses a point source, focuses a microspot
onto the sample and irradiates the detector with a broad
parallel beam can be considered the inverse of the NBS
system. This equivalence, although postulated theoretically,
has not been investigated experimentally. This inverse
system is the one which has been investigated in this thesis.
(Fig. 2)
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OBJECTIVES
The objectives of this thesis are of two types.
First a Type 1 scanning system as shown by Sheppard,
which utilizes a scanning microspot on the sample and a
parallel beam incident on the detector, was constructed
and calibrated.
The system just described is effectively the inverse
of the NBS optical linewidth syste'm and both being Type 1
systems should give equivalent responses. Therefore the
second objective was to obtain an output response from the
system and compare it to the NBS output to see if Sheppard' s
theory holds with thin and thick film samples. .(Fig. 3)
influx efflux
Kr
laser
NBS
TYPE 1 SCANNING SYSTEMS
HeNe
laser
Project
abject detector
Figure 3. Two equivalent Type 1 scanning systems according
to Sheppard ref. 13. #: 4
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MATERIALS
The National Bureau of Standards supplied a large
amount of equipment which was essential for the successful
assembly of this project linewidth measuring system.
A piezo flexure-pivot translational stage was used.
It was developed at NBS in 1977 (14) and is the mainstay
of the scanning system. As seen in Figure 4 a stack of ten
disk shaped piezo ceramic elements are used as a source of
displacement and by the use of levers and the associated
flexures acting as pivots the displacement of the piezo
stack is magnified by 20 to 30 times. This translational
stage has a smoothness of .001 microns or less which
produces a very stable scanning motion.
Very fine focusing adjustments were achieved by using
a piezo focusing stack consisting of annular shaped piezo
elements mounted beneath the stage which is then mounted
on top of the translational stage. (Fig. 5) Therefore while
scanning; the focusing stack and sample move in unison.
The power for both of these piezo components was supp
lied by high voltage DC power supplies. A function generat
or is used to feed in a ramp signal to a Kepco programmable
power supply. The Kepco then outputs a high voltage ramp
( 0-800DCV ) into the piezo-flex stage. This provides the
scanning motion. The other supply provides a continuously
A
variable high voltage control for the piezo focusing stack.
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ally used in project system. > . . Ji,...,
PIEZO DRIVING
STWCTURe
Figure 4b. Piezo Flexure stage with the motions of,, its levers
indicated. Gain = M-jM2, where M1 =1+R1/R and
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Wafer samples processed at NBS were supplied with the
NBS SRM 474 and NBS 77 line patterns etched into varying
layers of silicon dioxide, with linewidths varying from
.9 to 10 microns. (Fig. 6) The two inch wafers had 90, 150,
180, 200, 300, 400, and 600 nanometers of SiO thick layers
thermally grown on top of them.
Tropel Inc., of Fairport, New York, was also invaluable
in providing equipment and lab space for the assembly and
operation of the system developed for this thesis. Lab
space and a 2000 lb isolation table was provided along with
a large amount of equipment.
A Leitz, infinite conjugate, .95 NA microscope objective
was used to focus the laser down to a microspot. A one inch
beam expander with a 6.7 micron spatial filter was used to ex
pand and 'clean up' the laser beam. The laser was a Coherent
model 660 5.2 mW HeNe laser which was aligned using 4 folding
mirrors. To redirect the beam over to the detector a polar
izing beamsplitter is used in conjunction with a quarter-wave
plate. An oscilloscope and digital voltmeter were utilized
to monitor the detector output and focus stack voltage respect
ively. The output traces were recorded on a Houston Instru
ment X-Y recorder.
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Figure 6 The NBS SRM 474 line pattern which is etched into
the silicon wafers being examined.
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PROCEDURE
An overall view of the entire system is seen in figure
7. Beginning with the laser, it is a 5.2 mW linearly polar
ized cylindrical helium-neon version. The beam is reflected
through a pair of laser beam directors, consisting of a to
tal of four folding mirrors. (Fig. 8) This allows for fine
adjustment of the beam so that it is perpendicular to the
plane of the wafer and spatial filter and on axis with the
objective and beam expander. The 1" beam expander which
contains the 6.7 micron spatial filter is mounted on an
X-Y translational stage which is used to align the entire
beam expander with the perpendicular beam. It is adjusted
until the beam is centered on the spatial filter with cor
responds to maximum output through the expander.
Before mounting the beam expander, it was adjusted to
collimate the one inch expanded beam by using a shearing
plate. The shearing plate functions by splitting the beam
in question and interfering the two beams with each other.
If uncollimated, vertical fringes appear and as the collimation
increases the fringes 'flop over' to broad horizontal fringes
for complete collimation.
Once expanded the beam passes through the polarized beam
splitter and when polarized correctly 85% of the beam will
be transmitted and only 15% is lost by reflection. A quarter
wave plate is then used to alter the polarization eventually
causing the beam to be reflected at the beam
splitter on the
return after reflecting off of the wafer.
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Figure 7. Overall view of the i
project microspot scanning sys
tem assembled at Tropel Inc.,
Fairport, N.Y. (Right) Electri
cal schematic of the system com
ponents. (Selov;)
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Figure 6. HeNe laser, four folding
mirrors, beam expander-spatial
filter and beam splitter. (Right)
Figure 9. The .95 MA Leitz objective, which was corrected
to .83 NA, and a waver resting on top ov the
piezo focusing stack.
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Since the beam diameter is one inch, the entrance pupil
of the objective is overfilled to a large extent. This is
desirable since the intensity distribution across the beam
diameter is slightly Gaussian. Using a small portion of the
center of the beam will yield a virtually even intensity
distribution across the entrance pupil of the objective.
This is important for forming an ideal Airy disc microspot.
Two different microscope objectives were used during
the course of this thesis. Both were Leitz infinite conjugate,
metalurgical objectives. The first one, with a .85 NA,
provided good output even though it was found that the system
was not aligned and collimated properly. This objective was
tested and it exhibited more than one full wavelength of
third order spherical aberration. The lens testing was
performed with Tropel's Digital HeNe Interferometer and the
resulting wavefront was analyzed with Tropel's Zernike
Polynomial program.
The second objective, a .95 NA, was also tested and
finally used. Its performance was much better with .010
lambda of third order spherical aberration, .096 lambda of
fifth order spherical and .033 lambda of seventh order
spherical. However, when combined with the other system
optics, the performance was poorer than indicated by the
test results. Therefore to approach the diffraction limited
performance of the objective, an external aperture was made
to decrease the NA of the objective to .83 by decreasing the
entrance pupil diameter. This aperture was a brass disk
which slipped inside of the objective and rested on a lip on
the inside wall of the tube. The hole drilled had a diameter
of 4.191 mm which actually decreased the NA to .83. This
decrease improved the performance since the problems from
the extreme outer edges of the lens were eliminated and the
better central portion of the lens was used.
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The objective was threaded into a microscope tube
which helped reduce stray light entering the objective.
The tube was attached to a coarse and fine focusing rack
which worked as a rough focusing adjustment while the piezo
stack was used for the extremely fine focusing. (Fig. 9)
The wafer being scanned is supported by an aluminum
A
plate with an orietation flat identical to the wafer's as
>\
well as an alignment pin which allows the wafer to rotate
out from order^to objective. Both of these features provide
for repeatable positioning of the wafer underneath the ob-
j ective.
The piezo focusing stack which lies beneath the wafer
holder is controlled by a 0-500 DCV supply. This power
supply is very stable and repeatable which is desired when
making very fine adjustments. A digital voltmeter monitors
the voltage across the stack which can be used to determine
how much the sample has moved in the Z direction after cali
bration.
The focusing stack is mounted directly on to the piezo
flexure-pivot translational stage which is in turn mounted on
top of a Zeiss manual X-Y translational stage. This manual
stage is used to position the wafer in both directions be
neath the objective. The piezo-flex stage is powered by a
high voltage ramp function from a Kepco 1000V DC supply.
An exact function generator feeds a ramp into the external
voltage control of the 1000V supply which then outputs, in
this case, a 0-800V ramp. After calibration the position
of the wafer is recorded by simply inputting the unamplified
ramp into the X axis of the X-Y recorder.
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The calibration of both the piezo-flex stage and piezo
focusing stack was accomplished through the use of an un
equal arm Michelson interferometer as explained in Appendix
I. the piezo-flex stage showed a very linear response. There
fore a voltage value can be directly related to a displacement
via the calibration curve.
The photodiode detector also had its own integral am
plifier in the same package. This was the EG&G HAV 4000A.
(Fig. 10) It was powered by a Lambda +15V/-15V power sup
ply, the photodiode, , which was operated in the photovoltaic
mode, had an active area of 1 cm^ and a diverging lens was
used to fill the entire aperture. The aperture placed in
front of the diverging lens was exactly one fifth of the
diameter of the external entrance pupil placed inside of
the objective. This gives a coherence ratio of .2, the same
as the NBS system.
To prevent saturation of the detector and harmful over
loading of the amplifier a Wratten 1.0 neutral density filter
was placed in the beam in between the folding mirrors. Typ
ically with a 5.2 mW input, power readings at the detector
on the order of microwatts were not uncommon without the
neutral density. The output of the detector is routed to the
Y axis of the W-Y recorder which then, in conjunction with
the ramp input on the X axis, give a trace of detector output
versus wafer position. This directly yields the reflectance
profile of the line as it scans beneath the microspot.
24
u r e 10, EG3.G KAV 4000A photodiodc-ampl if ier detector
combination which was used in the project system.
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Linewidth Measuring Procedure
To ensure stability of the HeNe laser it was either
warmed up for several hours or simply left running for sever
al days. This helps ensure teat there will be no power
fluctuations in the beam itself which would cause problems
during a scan. The rest of the electronic components were
allowed a V2 hour warm up.
The wafer containing the line to be scanned is inserted
into the holder. The objective is lowered until an image
of the line patterns are seen on a white card held in front
of the detector. The X-Y stage is used to position the wafer
until the desired line or space is obtained. The objective
is lowered a bit more, still using the manual focusing rack,
to narrow the field of view and to position the microspot
(located at the center of the field) off to one side of the
geometry. This location of the microspot ensures that 'clean*
reflectance levels of the surrounding material can be rec
orded without contributions from the geometry being scanned.
Typically the geometry is positioned in the center of the
scan so that areas on both sides are scanned sufficiently.
Once the positioning has been accomplished the objective
is focused very precisely. First the detector, which is mount
ed on an X-Y translational stage, is moved out of the reflect
ed beam. The beam then travels through a distance of 36 feet
across the room to a dielectric mirror and back to a white
card near the operator. At the card the focus is adjusted,
using the piezo focus stack, until the diameter of the beam
is equal to 4.2 mm .05 mm. This corresponds to a highly
collimated beam (the exit pupil diameter of the objective is
4.191 mm) which indicates a well focused microspot on the
wafer knowing that this is an infinite conjugate objective.
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The scan which lasts about 20 seconds, is initiated by
starting the ramp signal at the function generator. The re
sulting detector output is first fed into the oscilloscope
as a preview of the trace before putting it into hard copy
on the X-Y recorder. Once a satisfactory trace is obtained
the detector output is switched to the Y axis of the X-Y
recorder. During the preview, which helps save paper, a
faster ramp is used which also saves time.
To establish a zero level the detector is covered during
the relatively rapid return of the stage to its original
position. This base line is important for comparing the
reflectance values recorded relative to a common reference.
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ANALYSIS
It must be pointed out again that this is not an aber
ration free system. Even though the slight aberration ef
fects of the .95 NA objective have been reduced, by decreasing
the effective numerical aperture to .83, the other system
optics contain aberrations of their own. It was seen during
early experimentation that the highly aberrated .85 NA ob
jective yielded satisfactory line profiles. This indicated
that the incoming beam already contained some amount of
spherical aberration of the opposite sign which appeared to
cancel the effects of the objective aberrations.
The alignment and spherical aberration of the system
optics a.re two important factors which effect the output
trace. A misaligned system yields a trace which is asym
metrical with respect to the maximums and minimums on both
sides of the line. The spherical aberration degrades the
edge slope of the trace and lowers edge contrast.
Minimizing the problems with the system optics the
alignment and collimation of the influx beam were tediously
readjusted. Good collimation is also important for focusing
when using an infinite conjugate. Once the optimum input
beam was obtained the altered .95 NA objective was used for
a well formed microspot with closer to diffraction limited
performance.
Good data are meaningless though, without some way of
locating the actual edge threshold. The usual coherent thres
hold of 25% simply does not apply in all cases. With thin
film samples (<200 nm) an equation which utilizes values ob
tained from the experimental trace yields a corrected thres
hold.
28
Tc = .25(I0 + Im
+7l0ItT,'
cos 5)
Where Im and I0 are shown in Fig. 11. This phase term e5
is found by first dividing the intensity value at the minima
I(x0) by Im. Using this value and the ratio of I0/Im or
T0 we utilize figure 12 which relates these values to a
phase term. A graphical method is adequate since an accur
acy of 11/10 is all that is needed. (15)
These resulting corrected thresholds are unique for
each oxide thickness since the reflectance values vary peri
odically in relation to the thickness. The period of the
reflectance is dependant upon the wavelength.
The experimental traces in appendix II ranges from
90 nm to 1100 nrn of Si02 on silicon. All of the traces, ex
cept the 1100 nm, are profiles of line C5 on the NBS line
pattern. It is nominally 5.5 microns wide .3 microns due
to process variability. Windows or spaces etched into the
Si02 were also examined however the traces were virtually
indentical to those of the line only inverted. To avoid
redundancy these traces were left out.
To determine the scanning spot size under optimum high
contrast conditions, a 100 nm thin film chromium edge was
scanned. The approximate diameter of the diffraction spot
is obtained from the X distance betweeen the maximum and
minimum from the trace. The experimental diameter was .84
microns, which was diffraction limited performance for these
conditions. (Fig.l3)
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DISTANCE
Figure 13, Experimental trace across a chromium edge for
the project system. The distance between the
maxima and the minima yields an approximate
microspot diameter of .84 microns.
31
During the early experimentation Dr. Diana Nyyssonen of
NBS generated theoretical edge traces for the project system
using the Fresnel equations and accounting for the aberrations
of the previously used .85 NA objective. (Fig.14-) With an ex
panded X axis the 90 nm theoretical and experimental edge tra
ces are virtually identical. The 180 nm traces were not iden
tical but the discrepency can be attributed to flare light
in the system which lowers the contrast. Therefore after
accounting for the aberrations the system does behave similar
to theory.
The thin film data yielded linewidths that were fairly
close to the nominal values after applying the corrected
thresholds. The NBS artifacts that were scanned were uncali-
brated, so in comparison the data is only significant in that
they are qualitatively similar to the NBS traces taking into
account the difference in wavelength. (FigJ5)
The thick film traces (>200 nm) exhibited quite differ=
ent profiles compared to the thin films. The threshold equation
used previously is not adequate and a different determination
for edge threshold must be used. Comparison to the NBS system
for the 600 nm thick layers shows a difference which may be
due to the illumination geometry as well as wavelength.
A 600 nm thick layer edge trace is radically different
compared to the thin film edge trace. (FigJ6) It is certain
that these multiple fringes cause difficulty when locating the
edge threshold.
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Figure 15a.
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Figure 1oc. NBS experimental trace for a 180nm Si02 : window
in silicon.
/.O-
REFLECTAA/C
distance
ivure 15d. Project experimental trace for a I80.nm Si02 line
on silicon. Note- similarity -to the NBS
trace.'
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Figure 15e. NBS experimental trace for a 600nm Si02 line
on silicon.
:.Figf^e 15f. Project experimental trace for a 600nm Si02 line
on silicon. Note dissimilarity to the NBS trace,
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Figure 16. Experimental project trace across a 600nm 3102' "<
on silicon edge. Note the multiple interference'
fringes which complicate edge location. . : vi*i'-'.;,v:. ,
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A large problem with the thick layer samples is that
they extend beyond the depth of focus of the objectives.
With a .83 NA and wavelength of 632.8 nm the calculated depth
of focus is 458 nm. Before each scan the microspot was
focused for the surrounding silicon, which nears a defocused
spot scans across the lines thicker than 229 nm. This depth
of focus is based on Rayleigh's quarter wave limit and merely
indicates that the amount of defocus becomes unsatisfactory
as the object moves away from the focal plane 229 mn.
As the spot defocuses and becomes larger the distance traveled
by the entire spot inside of the line decreases. This is
seen in the flat central portion on the thick film traces;
as the thickness increases the microspot enlarges and the
distance travelled unobstructed decreases and the length of
the center flat area shortens.
The 1100 nm thick sample was not an NBS line pattern
but instead was taken from an Opto-line step tablet test
target. A wafer with 1100 nm of Si02 had the entire Opto-
line step tablet exposed onto it and was etched using a
buffered HF solution. This produced 60 degree wall slopes
compared to 70 degree walls of the plasma etched NBS pat
terns. The geometries scanned were actually windows in
oxide and as seen in the scanning electron micrographs
(Fig. 17) a fair amount of the wall slope produces a broader
interference fringe since the microspot utilizes more dis-
tnace to traverse the edge as shown in the 1100 nm trace.
Part of that minimum during the edge traverse could be at
tributed to the wall scattering a large poriton of the beam
away from the objective thus decreasing the intensity at the
detector.
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Figure 17a.. Electron micrographs of the
Opto-line step; tablet provided oy NBS.
The magnification which increases in
a clockwise direction reveals the low
edge slope of the window which was-ujjc o x ^ {J ^ ui Lilt; vi' J. 1 1 u ^ vj i i j- \^ i i v;
scanned in 1100nm of Si02. (Right
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The Nikon scanning linewidth measuring system utilizes this
off axis scattered light for edge detection. (18) The
affects of edge slope further complicates the image structure.
No accurate model or edge detection methods exist for this type
of geometry.
1.0 -
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Figure 17b,
l/Arrs
DISTANCE
Experimental project trace across a. HOQnm Si02
window in silicon. This is the trace obtained ^ii*-
from the window seen in electron .micrograph
#3^?*'
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DISCUSSION
The results from the thin film samples are quite good,
they were very similar to the NBS traces, and were almost
identical to corrected theoretical edge traces. The thres
hold equation that was used which utilized trace obtained
values was very satisfactory and indeed worked well in the
thin film region.
The thick film traces are very complicated with many
additional artifacts that are not a part of the thin film
traces. Due to this problem the threshold equation used pre
viously is not effective in locating., the edge. Before
the proper threshold can be found a model of the thick film
system should be developed so that such a threshold may be
found analytically.
Dr. Nyyssonen has had success with one model for the thick
films which utilizes wave guide analysis. Since the threshold
will shift drastically with the many different materials,
a model that can account for these many variables would be in
valuable. In the process area a line edge may not simply con
sist of one material but a multilayer geometry could be en
countered. Further research is needed to develop accurate
linewidth measurement techniques for both thick layers and
multilayer wafers.
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CONCLUSION
A scanning microspot linewidth measruement system has
been constructed and calibrated. The response of the system
to thin film objects is qualitatively similar to that of the
NBS optical scanning system taking into account the different
wavelength. However a dissimilarity was seen between the
two systems in the thick film region. This difference could
be due to the combination of scanning geometry and thickness.
Further research is required. Therefore Sheppard's hypothesis
appears correct for thin layers.
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FUTURE WORK
To make this system practical for routine linewidth
measurements, several changes should be made. The incorporation
of diffraction limited optics and a shorter wavelength laser
would have a profound effect on the output response. For
example a Helium-Cadmium laser with a wavelength of 442 nm
would yield a 30% decrease in microspot size, which would
certainly improve the resolution and yield diffraction limited
performance from the Leitz flourite objectives. The flourite
objectives which were used in this thesis are optimized for
the blue region.
Automation of the system would also improve the over
all performance. One critical area should be the installation
of an autofocus mechanism to eliminate the human variable.
One method that could be used is to place two matched detec
tors in the diffraction limited beam with displacements of
- X away from the focal plane of a converging lens. By ad
justing until the detectors null out, you will obtain the
diffraction limited focus. (21)
The translational stage should be monitored with an
interferometer in order to obtain more accuracy in distance
measurements during a scan.
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APPENDIX I
Translational Stage Calibration
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APPENDIX I
The piezo flexure-pivot translational stage and the
piezo focusing stack were calibrated using a Michelson
unequal arm interferometer. Displacements for various
voltage from the indicated value and recording the number
of HeNe fringes that passed by. Each complete fringe cor
responds to a displacement at one half of a wavelength.
To facilitate the counting of the fringes a slit was placed
in front of the detector of a laser power meter and the
fringes were scanned past the openirjg. The output of the
power meter was then put into the Y axis of an X-Y recorder
and a graphical representation of the fringes was obtained
versus time. (Fig. A) Three replicates were taken at
each voltage value, to help reduce the error, up to 900
volts.
An ANOVA was performed on the data (Fig. B) which in
dicated that the data was very linear. A calibration error
of .034 microns was expected since the fringes were counted
down to tenths. The B.1 coefficient in the regression is the
slope of the transfer function (Fig. C) and is used to cor
relate voltage differences on the X-Y recorder to actual
displacements in microns.
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Figure A. Interferometer fringes recorded while
the Piezo Flexure-Pivot Translational Stage was
operated with a high voltage ramp function.
REGRESSION ANALYSIS I ORDER
B0=. 03788 194 13
# OF RESPONSES:
ANOVA
SOURCE
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SS BO
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SS B1
SS RES
SS ERR
SS LOF
B1:
60
.0339282779
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3766.83042
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.78313446
.0285630043
.754571456
FRACTION EXPLAINED BY THE MODEL
ERROR: .033801186
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Figure B. First order regression and the ANOVA
(ANalysis Of VAriance) which provide the slope (B1)
and error of the transfer function.
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Figure C. Transfer function of the piezo flexure-pivot
translational stage which directly relates an input
voltage to a displacement.
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APPENDIX II
Experimental traces from the project microspot
scanning system with varying
thicknesses of
silicon dioxide on silicon wafers
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